Abstract -The C-banded karyotype of Henrardia persica (2n=2x=14), an annual self-pollinated grass species was studied in two natural populations using aceto-iron-hematoxilin staining and C-banding technique. It was revealed that the karyotype of this species is asymmetric and consists of 4 pairs of sub-acrocentric and 3 pairs of acrocentric chromosomes. One of chromosomes has a satellite located on the end of its long arm. Each chromosome having a unique C-banding pattern is easily recognizable.
INTRODUCTION
Henrardia persica is an annual self-pollinated grass species native to central and southwest Asia (WATSON and DALLWITZ 1994) , including Iran, Afghanistan, and Pakistan (MOZAFFARIAN 1996) . It is a diploid species with the base chromosome number of seven (SAKAMOTO and MURAMATSU 1963) . It belongs to Triticeae and can be used as a genetic resource for desirable genes in cereal breeding.
The development and application of differential staining techniques on plant chromosomes, including Giemsa C-banding method, which stains constitutive heterochromatin (ARRIGHI and HSU 1971; HSU 1973; VOSA 1975) , have resulted in many detectable characters or markers for karyotype analysis. This method is the most applicable one (ZHONG et al. 1996) , which has been widely used for chromosome identification in many species of grass genera such as Aegilops (FRIEBE et al. 1992 (FRIEBE et al. , 1993 (FRIEBE et al. , 1995a (FRIEBE et al. , 1995b (FRIEBE et al. , 1996 GEORGIA et al. 1998) , Agropyron and Elymus (ENDO and GILL 1984) , Avena (FOMINAYA et al. 1988) , Bromus (TUNA et al. 2001) , Hordeum (LINDE-LAURSEN et al. 1980; LINDE-LAURSEN and BOTHMER 1984; KAKEDA et al. 1991) , Secale (WEIMARK 1975; GIRALDEZ et al. 1979; GUSTAFSON et al. 1983) , Sorghum (YU et al. 1991; YU and JIANG 1992) , Triticum (GILL et al. 1991; BADAEVA et al. 1994) and Zea mays (HADLACZKY and KALMAN 1975) .
We could not find any published report on detailed karyotype analysis and C-banding patterns of chromosomes in H. persica. The objective of this study is construction a detailed karyotype of this species by using aceto-iron-hematoxilin staining method and C-banding technique.
MATERIALS AND METHODS
Seeds of two natural populations of H. persica, collected from two locations of East Azarbayjan province, northwest of Iran (one from Khajemarjan village, 25 km Tabriz to Sofian and other from Somehe-Del village 30 km Ahar to Varzghan), were germinated on moist blotting paper and the root tips were pretreated in 0.05% solution of colchicine for 2.5 h at room temperature and fixed in 1:1 (v/v) solution of formalin 10% and chromic acid 1% for 36 h at 4˚C, and stored in 70% ethanol at -20˚C.
For staining, the root tips were treated with NaOH 1 N for 8 min at 60˚C and stained with aceto-ironhematoxilin solution for 6 h at 32˚C. After each step root tips were washed briefly in distilled water. Meristematic region with 1 mm of length excised and macerated in cytase enzyme at room temperature for 1 h. Squash preparations on slides were made in 45% acetic acid (AGHAYEV 1998). C-banding procedure proposed by GILL et al. (1991) was used with minor modifications. Enzyme solution of 2% cellulase (Merk) and 0.2% pectinase (Merk) was used to macerate root tips for 1 h at 37˚C. After preparing and air drying of slides, they were treated with 0.2 N HCl for 2 min at 60˚C, placed in saturated Ba(OH) 2 at room temperature for 8 min and then in 2x SSC solution for 1 h at 60˚C. After each step slides were washed briefly in distilled water. They stained with 3% of Giemsa solution in phosphate buffer (PH=6.8). After staining, slides were quickly rinsed in distilled water. Well-spread metaphases were photographed with BH2 Olympus microscope.
Chromosome measurements including long arm, short arm, and chromosome lengths, total length of chromosome set, arm ratio index, relative chromosome length, heterochromatin length, and its percent per chromosome and per chromosome set were made from 15 and 10 enlarged well-spread metaphases, for karyotype analysis and C-banding patterns in each population, respectively, using Micromeasure software developed by the Biology Department of Colorado State University, available on Internet at http://www.colostate.edu/Depts/Biology/Micromeasure. Homologous chromosomes were identified based on similarities of C-banding patterns and the position of centromers. The nomenclature followed LEVAN et al. (1964) , and chromosomes were named as 1 … 7 in descending order of length. 
RESULTS AND DISCUSSION
Due to the minor differences in karyotypic characteristics and C-banding patterns between the two populations of H. persica, the mean values of them were used to construct the karyotype. Mitotic chromosomes and their C-banding patterns are shown in Fig. 1 and Fig. 2 , respectively, and the detailed C-banded idiogram is presented in Fig. 3 . Karyotypic and Cbanding characters of the seven mitotic chromosomes are shown in Tab. 1 and Tab. 2, respectively.
The analysis of karyotype showed that H. persica has 2n=2x=14 chromosomes (Fig.1) . This is in agreement with SAKAMOTO and MURA-MATSU (1963), where they concluded that it was a diploid species with the base chromosome number of x=7. Chromosome length in H. persica range from 10.94 µm in chromosome 1 to 8.22 µm in chromosome 7. On the other hand, arm ratio index values range from 10.67 in chromosome 3 to 3.54 in chromosome 5 (without considering satellite in the long arm length of this chromosome) (Tab. 1). Thus, H. persica has seven large acrocentric and sub-acrocentric chromosomes. The ratio between the largest and the smallest chromosome is 1.3: 1 (<2:1). Since, H. persica has chromosomes with sub-terminal centromers and unequal arms, it shows an asymmetric karyotype. According to STEBBINS (1971) there are twelve different classes of such karyotypes and then H. persica can be placed in class 4A of these asymmetric karyotypes. Each chromosome has a distinct C-banding pattern and this technique provided adequate information to identify all of H. persica chromosomes.
The distinct morphological characters and C-banding patterns for each chromosome are described as follows:
Chromosome 1, is the largest chromosome. with the largest long arm among the chromosomes of H. persica. This chromosome has a sharp band on its centromeric region. In addition, there are three other bands, including one proximal, one interstitial and one distal band on its long arm. Another faint interstitial band is also observed in 30% of metaphase cells in both populations.
Chromosome 2, is a subacrocentric chromosome with arm ratio of 7.39 ± 0.23. The banding pattern of this chromosome consist of one centromeric, two proximal, one interstitial and one distal band on its long arm. It differs from the first chromosome by its smaller short arm. It has also two sharp bands in proximal region, while 
33.6 ± 1.3 33.4 ± 2.8 37.5 ± 3.2 35.3 ± 3.2 40.0 ± 2.5 29.9 ± 3.0 15.7 ±1.2 chromosome 1 has only one of such bands. The position of its interstitial band is also different from that of the first chromosome. Another faint interstitial band is also observed in 40% of metaphase cells. Chromosome 3, has the smallest short arm and the largest value of arm ratio index. It has 7 heterochromatic bands on its long arm: one centromeric, two proximal, two interstitial, one distal and one in telomeric region. This chromosome could be recognized easily from other chromosomes by its greater arm ratio index.
Chromosome 4, with a total length of more or less equal to chromosome 3, distinguishable from it by the larger short arm. The arm ratio of this chromosome is two times smaller than that of chromosome 3. Its C-banding pattern is also different from chromosome 3. Four sharp bands are observed at centromeric, proximal, interstitial, and telomeric regions on its long arm. Another faint band is also observed in distal region in 30% of metaphase cells. Banding pattern of this chromosome is almost similar to chromosome 1 except for telomeric band and its long arm length.
Chromosome 5 (SAT chromosome), is distinguishable from other chromosomes through a satellite located on the telomeric region of its long arm. This chromosome has the largest short arm, and is the unique chromosome, having telomeric and proximal bands on its short arm. In addition, one centromeric, one proximal, two interstitial and one band near NOR region of long arm and a faint band on satellite (in some metaphase cells) are also observed on its banding pattern.
Chromosome 6, has three sharp bands at centromeric, interstitial and telomeric regions of its long arm. Its short arm is smaller that of chromosome 7. Chromosome 6 is also differed from chromosome 7 by its banding pattern.
Chromosome 7, is the smallest one in chromosome set of H. persica. It has one sharp centromeic band and another telomeric band on its long arm.
Total length of chromosomes is 133.45 ± 1.96 µm (Tab. 1). Chromosome 5 has the most (40.0% ± 2.52), and chromosome 7 the least (15.7% ± 1.21) amount of heterochromatin. The mean value of heterochromatin in H. persica is approximately 33% (Tab. 2).
H. persica has only one SAT chromosome (chromosome 5). Unlike some other grass species like species of Aegilops (FRIEBE et al. 1992 (FRIEBE et al. , 1993 (FRIEBE et al. , 1995a (FRIEBE et al. , 1995b (FRIEBE et al. , 1996 GEORGIA et al. 1998 ), Triticum (GILL et al. 1991 , Hordeum (LINDE-LAURSEN et al. 1980) , Secale (GUSTAFSON et al. 1983) and Sorghum (YU et al. 1991; YU and JIANG 1992) genera, the NOR region and the satellite are located on the long arm of this chromosome. It is guesstimated that this species has the most acrocentric chromosomes in the tribe Triticeae. For example, diploid species of Aegilops-Trticum group (2n=2x=14), including Ae. tauschii with D, Ae. speltoides, Ae. bicornis, Ae. longissima, and Ae. searsii with S, Ae. comosa with M, Amblyopyrum muticum with M t , and T. monococcum with A genomes have metacentric or sub-metacentric chromosomes, while C-, U-, and U ngenome species, Ae. caudata, Ae. umbellulata, and Ae. uniaristata, have as many as four chromosomes with sub-terminal centromers (CHEN-NAVEERIAIAH 1960 , FRIEBE et al. 1992 , 1993 , 1995a , 1995b , 1996 GEORGIA et al. 1998; KIMBER and FELDMAN 1987) . However, cultivated species T. aestivum, T. turgidum, Hordeum vulgare, and Secale cereale, have chromosomes with median and sub-median centromers (GILL et al. 1991; LINDE-LAURSEN et al. 1980; GUSTAFSON et al. 1983) .
